Aims-To determine the role ofinterstitial myofibroblasts in the progression of membranous nephropathy; and to assess the predictive value of quantifying myofibroblasts in determiniing long term renal outcome.
Methods-All cases ofmembranous nephropathy, diagnosed by renal biopsy at University Hospital of South Manchester between 1984 and 1987, were studied retrospectively. The biopsy specimens (n = 26) were reviewed and analysed morphometrically to measure interstitial volume as a proportion of the total volume of renal cortex, and numbers of interstitial myofibroblasts (cells positive for a-smooth muscle actin within the interstitium). Clinical data, with a follow up of seven to eight years, was available for 24 patients, and renal outcome was correlated with pathological changes in the initial diagnostic biopsy specimen. Results-The number of myofibroblasts and interstitial volume were inversely correlated with creatinine clearance at the initial biopsy, and at the end of follow up. Percentage sclerosed glomeruli or stage of glomerular disease, assessed by electron microscopy, did not correlate with renal function at initial biopsy or during follow up. The number ofmyofibroblasts, but not interstitial volume, correlated with severity of proteinuria at initial biopsy. Of 15 biopsy specimens showing no or mild interstitial fibrosis, four showed a notable increase in the number of interstitial myofibroblasts. All ofthese patients developed chronic renal failure, compared with three of 11 patients whose specimens showed no or a mild increase in myofibroblast numbers.
Conclusions-Interstitial myofibroblasts play a role in the development of interstitial fibrosis and progressive renal failure in membranous nephropathy. The following features were sought by one of us (ISDR) on haematoxylin and eosin, and methenamine silver-stained sections: percentage of total glomeruli which were globally sclerosed; extent of tubular atrophy, graded 0-3 (0, absent; 1, 1-25% of tubules; 2, 26-50% of tubules; and 3, >50% of tubules); absence or presence of a chronic inflammatory cell infiltrate within the interstitium (>25% of the interstitium); and numbers of IMF which were assessed semiquantitatively and graded 0-3. Stage of glomerular disease was assessed by review of electron micrographs.
Interstitial volume was measured as a proportion of the total renal cortex using a Chalkley graticule (Graticules Ltd, Tonbridge, UK) which contains 25 random dots. The entire cortical area was counted in the original methenamine silver-stained sections from each biopsy specimen by one of us (JHS). Glomeruli and large arteries were excluded. Interstitial fibrosis was graded separately from zero to three (0, absent; 1, 1-25% of specimen area; 2, 26-50% of specimen area; 3, >50% of specimen area). Interstitial oedema was not present in any of the specimens.
Interstitial myofibroblasts were identified by their morphology and positive staining with anti-a-SMA (Dako, High Wycombe, UK). Paraffin wax sections were stained immunohistochemically using a standard immunoperoxidase method. Numbers of IMF were counted by one of us (CB) using a squared graticule at high magnification (x40). Counts are expressed as mean number/field; a single field had an area of 0.0156 mm'. Fields containing glomeruli and large vessels were excluded. As most of the a-SMA positivity was within cytoplasmic processes, IMF were counted only when a-SMA staining surrounded a nucleus. When very large numbers of IMF were present, the counts became unreliable and these cases were then expressed as >10 IMF/field.
The following clinical parameters were obtained from review ofpatient case notes: age, sex, duration of symptoms, serum creatinine and creatinine clearance at the time of initial biopsy and at the end of follow up, 24 hour urine protein, and blood pressure at presentation. Patients were followed for seven to eight years, or until death, or dialysis. Patients were divided into four groups according to outcome at the end of the follow up period: normal renal function (serum creatinine < 120 pmol/l; creatinine clearance >60 ml/min); mild renal failure (serum creatinine 120-250 gmol/l; creatinine clearance 30-60 ml/min); severe renal failure (serum creatinine 250-600 imol/l; creatinine clearance 12.5-30 ml/min); end stage disease (dialysis; or serum creatinine >600 jimol/l; creatinine clearance <12.5 ml/min).
Results were analysed statistically using SPSS for Windows software. Histological and clinical parameters were analysed for normal distribution. Serum creatinine and creatinine clearance were analysed at biopsy and at the end of follow up using a Pearson's correlation (two-tailed) test. The association of histological features with clinical outcome was also analysed using the Fisher exact test. A p value of < 0.05 was considered significant. Table 1 summarises the clinical and histological data for each patient. Clinical data at the time of biopsy was available for 24 of the 26 patients, and follow up data for 23. Review of case notes revealed that three patients (cases 22-24) had a secondary (drug-induced) membranous nephropathy. These patients were excluded from analysis of correlations with renal function at follow up. At the end of the follow up period, of the 20 patients with idiopathic membranous nephropathy, six had normal renal function, two showed mild renal failure, seven had end stage disease, and five had died-two with severe renal failure and three with end stage disease.
Results

CLINICAL OBSERVATIONS
Creatinine clearance at the end of follow up showed a significant correlation with age (p < 0.0001), and creatinine clearance (p < 0.0001) at presentation, but not with severity of proteinuria, blood pressure, or serum creatinine at presentation. The three patients with drug-induced membranous nephropathy made a full recovery (normal renal function, no proteinuria) following withdrawal of the drug.
HISTOLOGICAL FEATURES
In five of the 26 biopsy specimens, immunohistochemistry for a-SMA revealed delicate staining of sparse peritubular IMF, as is seen in normal kidney ( fig IA) . In 21 specimens, there was an increase in the number of IMF; staining for a-SMA showed more widespread peritubular positivity ( fig 1B) . Staining was particularly prominent around glomeruli and in areas of fibrosis, around atrophic tubules. The range of the myofibroblast count was 0.1 to >10/field, median 3.59. There was a close correlation between numbers of IMF/field and numbers of IMF assessed semiquantitatively; all biopsy specimens containing >4 IMF/field were given a semiquantitative grade of 3.
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the time of biopsy, there is some evidence that earlier events in the development of interstitial fibrosis can be identified histologically, at a stage when renal function may be normal. Both increased interstitial volume and the presence of a mononuclear cell infiltrate are of prognostic value in membranous nephropathy." 20 21 In our biopsy specimens, interstitial volume correlated with creatinine clearance at the time of biopsy and after a follow up period of up to eight years, unlike the stage of glomerular disease or percentage of sclerosed glomeruli. The proportional interstitial volume, measured in this study by Chalkley count, is determined by a number of factors, the major one being the extent of interstitial fibrosis; we found a strong correlation between the Chalkley count and fibrosis and tubular atrophy (assessed semiquantitatively). Other factors, including the presence of inflammatory cells and numbers of IMF, correlated weakly with the Chalkley count. Interstitial oedema did not seem to contribute to interstitial volume in these specimens. In this study, the presence of a chronic inflammatory cell infiltrate within the interstitium was not predictive of progressive renal failure.
Recent evidence suggests that, although tubular epithelial cells are known to produce matrix components, it is the interstitial fibroblasts which play the major role in deposition of collagen and other matrix proteins in renal fibrosis. 23 correlation between number of IMF and severity of proteinuria, supporting the proposal that proteins within the glomerular filtrate are the initial trigger to the tubulointerstitial changes.24 25 As the number of a-SMA positive IMF increases from an early stage in the development of interstitial fibrosis, their identification may potentially be used to predict progressive disease before there is extensive fibrosis. Of the 15 biopsy specimens from the patients with idiopathic membranous nephropathy which showed little or no interstitial fibrosis or tubular atrophy, four showed a notable increase in numbers of peritubular IMF. All of these patients progressed to end stage renal failure, in contrast to only three of 11 patients who showed a lesser increase in numbers of IMF. Although the numbers in this group are small, the difference in outcome is significant. This suggests that identifying increased a-SMA positivity may provide additional prognostic information. We have also shown that increased numbers of IMF may be accurately assessed on a semiquantitative basis; all biopsy specimens with >4 IMF/field were assessed as showing a notable increase (grade 3). This is important if numbers of IMF are to be useful in providing prognostic information on a routine basis.
The central role of the renal interstitium in disease progression has important implications, not only in terms of providing information on prognosis, but also in determining the direction of future therapeutic strategies. This is particularly relevant for membranous nephropathy as the many treatment regimes used so far have had little impact on progression of the disease. What is clearly needed, before more directed therapies can be developed, is an understanding of the cellular events early in the development of interstitial fibrosis. The events that regulate the interstitial changes are slowly being unravelled. Vascular obliteration and direct toxic effects of filtered proteins have been implicated in producing tubular damage.9 There is growing evidence to indicate the existence of a complex cytokine network controlling IMF proliferation and matrix synthesis.9 10 26-29 Cytokines, such as fibroblast growth factor, interleukin-1 and tumour necrosis factor-a, released by injured tubular epithelial cells and infiltrating leucocytes, stimulate mitogenesis of fibroblasts. Other cytokines, such as transforming growth factor-j, again released by tubular cells and macrophages, switch off proliferation and stimulate production of matrix proteins. Whereas advanced interstitial fibrosis and tubular atrophy are unlikely to be reversible to any great extent, the earlier stage of IMF proliferation, without significant fibrosis, is potentially reversible. Interestingly, the three patients with secondary, drug-induced, membranous nephropathy all had an excellent long term outcome, despite all three biopsy specimens showing a notable increase in the number of IMF. As potential therapeutic agents which interrupt the production and action of fibrogenic cytokines are developed, it will become increasingly important for pathologists to identify those patients at risk of developing progressive renal fibrosis. Assessing numbers of interstitial myofibroblasts seems to be a relatively cheap and simple means of doing so.
